C3'-O3'-P-O5' torsion angle φ 23 O2-P-O3' angle τ 5 , α C5'-O5'-P-O3' torsion angle φ 25 O2-P-O5' angle φ 12
O1-P-O2 angle φ 35 O3'-P-O5' angle φ 13 O1-P-O3' angle φ 33 P-O3'-C3' angle φ 15 O1-P-O5' angle φ 55 P-O5'-C5' angle
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R6(-sc/+sc) or R8(-c/+c) R6(+sc/-sc) or R8(+c/-c) R5(-sp/-sp), R7(-sc/-sc), or AS(-sc/-sc) R5(+sp/+sp), R7(+sc/+sc), or AS(+sc/+sc)
AA (-sc/ap Figure S1 . Atom labeling. Atom labeling schemes and schematic Fischer projections of the C-O-PO 2 -O-C (a-c) and C-O-PO 3 (d) moieties, illustrating the conformational groups defined in this work (see main text and Table 2 ). The categories of six-and eightmembered rings (R6, R8) (a); of five-and seven-membered rings (R5, R7) and the acyclic symmetric category (AS) (b); and the acyclic asymmetric category (AA) (c); as well as the terminal C-O-PO 3 group (d) are shown in separate panels. Table S1 . Summary of database search criteria. N/A denotes no restriction used for this criterion. Table S2 . CSD-derived mean values and standard deviations (in parentheses, given in units of the last significant digit of the mean value) for the torsion and valence angles (in • ) and for the P-O1, P-O2, P-O3', P-O5' bond distances (inÅ) for the R5, R6, R7, R8, AS, AA categories, after the application of all allowed permutations ( Table 1) . The values of the P-O3', O3'-C3', P-O5', O5'-C5' bond lengths can be found in Table 4 . The proposed default values to be used for DNA and RNA structures are marked in bold. The τ 3 and τ 5 angles are not to be treated as restraints but as reference values for the categorization of actual cases. Table S3 . CSD-derived mean values and standard deviations (in parentheses, given in units of the last significant digit of the mean value) for the torsion and valence angles (in • ) and for the P-O1, P-O2, P-O3, P-O5' bond distances (inÅ) for terminal C-O-PO 3 groups. Allowed permutation are presented in Table S4 . Note that the O5'/C5' labels are used merely as placeholders, and could be, for example, O3'/C3'. N is the number of cases [number of cases before outlier rejection in square brackets]. Table S6 . The torsion angles (τ 3 , τ 5 ), valence angles (φ 12 , φ 13 , φ 15 , φ 23 , φ 25 , φ 35 ) and bond distances (P-O1, P-O2, P-O3', P-O5', O3'-C3', O5'-C5') for the PDB structure 3P4J (phosphate groups P2...P6 and P8...P12) with the reference geometry group from the present study based on the τ 3 /τ 5 torsion angles assigned in the second column. All angles are in • , distances inÅ, and the least-squares-derived estimated standard uncertainties are given in parentheses.
ResiAssigned group τ3 (ζ) τ5 (α) φ12 φ13 φ15 φ23 φ25 φ35 φ33 φ55 P-O1 P-O2 P-O3' P-O5' O3'-C3' O5'-C5' due
